A large fraction of the available electric field data from the plasma wave instrument (PWI) on the Dynamics Explorer (DE) 1 satellite has recently been searched for events with large-amplitude (over 100 mV m -1) electric fields. The magnitude and distribution of these peak events as functions of altitude have been determined. The largest amplitudes were found between 1.4 and 2.5 R e and the probability of finding large electric fields was greatest in the range of 1.5 to 1.7 R e . However, when the measured electric field values are "mapped" to the Earth's surface in order to account for the geometry of the geomagnetic field lines, then the mapped values always increase with increasing altitude. This radial dependence is considered to be evidence for magnetic field-aligned electric fields. The largest electric field that was detected with the DE 1 instrument had a magnitude exceeding 840 mV m -• and was found at 1.45 R e . This field appears to be associated with a low-frequency wave, whereas the more commonly observed large-amplitude events have longer durations, are generally found at higher altitudes, and appear to be due to static electric fields. It appears that two types of phenomena are being observed. A study of all electric field measurements, rather than just those with large amplitudes, was also conducted. It was found that at subauroral latitudes the average mapped electric field is nearly constant with altitude, as it should be where there are no magnetic field-aligned potential drops. Small variations can be accounted for by long-term changes in geomagnetic activity. However, within auroral latitudes the average value of the mapped electric field increases as altitude increases. The largest gradients are found between 1.3 and 2 R e . There is evidence for a "split" potential distribution, with an additional potential drop located above 2.7 R e .
INTRODUCTION

Electric fields with amplitudes over 100 mV m -1 had been
reported over 15 years ago by Mozer et al. [1977] , using measurements from the S3-3 satellite. Subsequently, events with electric field amplitudes as large as 500 mV m -1 or greater were also found in these same data [Mozer et al., 1980] . The large electric fields in these events were usually confined to a relatively small region, only several kilometers wide, and often reversed directions to form an oppositely directed pair. These small-scale events are commonly referred to as "electrostatic shocks," and they are usually found on auroral magnetic field lines at altitudes greater than 2000 km. These structures were also linked to auroral arcs [Torbert and Mozer, 1978; Kletzing et al., 1983] . In an analysis of the distribution of all shocks detected with the S3-3 satellite, Bennett et al. [1983] found that the shocks occur within the auroral oval. The occurrence frequency increased sharply with altitude up to 5000 km, and at a slower rate above 5000 km altitude.
The large-amplitude electric fields in the auroral zone appear to play an important role in auroral particle acceleration, yet the physics of the phenomena are not well understood.
The evidence from the S3-3 satellite indicates that these fields are a static, "DC phenomenon" [Mozer et al., 1980] . Electric and magnetic field measurements from Dynamics Explorer (DE) 1 have also been used to show that the characteristics of the large-amplitude electric fields in some cases are consistent with quasi-static, spatial variations of the electric potential, related to magnetic field-aligned Copyright 1993 by the American Geophysical Union. The topic of field-aligned electric fields is still a subject of considerable controversy. Haerendel [ 1990] considers that the large electric field events are Alfv6n waves. Bryant et al. [ 1991 ] have challenged the evidence for quasi-static, magnetic field-aligned potential drops, in favor of a theory of auroral electron acceleration by wave-particle interaction. Even among those who favor the quasi-static theory, there is not a unanimous agreement as to the use of the term "electrostatic shock" to refer to large-amplitude events.
The large-amplitude electric fields, whatever they may be, appear to play a crucial role in auroral particle acceleration. Large electric fields similar to those detected with S3-3 had been found in the Viking data [Block et al., 1987] , but the only comprehensive surveys of this phenomena published to date have used data from just the S3-3 satellite.
It is important that a verification be conducted, using data from a different instrument. Also, the apogee of S3-3 was at an altitude of only 8000 km (2.26 R e) so the distribution of the large-amplitude events above this distance is unknown, other 13,557 13,558 WEIMER AND GURNETT: LARGE-AMPLITUDE AURORAL ELECTRIC FIELDS than a report of eight events detected with the ISEE 1 satellite between 2.5 and 7 R e [Mozer, 1981] .
The DE 1 satellite is ideal for studying the altitude distribution of the large-amplitude electric fields, since its highly elliptical orbit allowed it to sample the range of 1.1 to 4.6 R e for several years. To carry out this study, a large fraction of the available electric field data from the plasma wave instrument (PWI) on the DE 1 satellite has been searched for events with large-amplitude (greater than 100 mV m -1) electric fields. The magnitude and distribution of these peak events as functions of altitude have been determined. The amplitude of the average electric field has also been investigated as a function of altitude, both within and outside of auroral latitudes. Only the component of the electric field that is perpendicular to the magnetic field is considered here. and 85 ø and at a radial distance less than 4 R e were searched; the electric field measurements tend to be unreliable at higher altitudes, due to the very low plasma density.
MEASUREMENTS
The telemetry data files were blocked into logical records spanning 8 s of time, and it was most convenient to conduct the search on a record-by-record basis. It was also necessary to eliminate the counting of false events due to instrumental, telemetry, or recording media errors. In order to exclude these false events we take advantage of the facts that the electric field antenna was rotating with a 6-s period, which modulates the measured fields, and within the large-amplitude events the electric fields tend to reverse signs. Thus a "real" event was expected to have both large positive and negative values in an 8-s record, whereas erroneous signals usually do not change signs. Therefore, instead of simply searching each data record for the largest value, the electric field magnitude for each record was determined by taking the average of the most positive value and the absolute value of the most negative value. An event was counted as being "large" if this average peak magnitude in the record had a value greater than 100 mV m -•, after subtracting the electric field due to the motion of the satellite through the earth's magnetic field. If this criteria was satisfied then the date, time, magnitude, and location of the event were recorded.
Events with large magnitudes could sometimes span two or more records, but it was desired to count such cases as just one event instead of several, so as to not distort the counting statistics. Therefore events were recorded only if they occurred 32 s or more after the previous event. However, if the second or later record in a group had a magnitude larger than the first, then the larger value was used for that one event.
Using this procedure, a total of 1481 distinct events were counted in 5348.6 hours of data. The largest value recorded was 843 mV m -1. It is peculiar that, after an initial increase around 1.5 R e , the mapped electric field reaches a level plateau and then increases again above 2.7 R e . This plateau could possibly be an instrumental effect, as the plasma wave instrument's antennas on DE 1 were not optimized for measurements of static electric fields in the very low plasma densities which are encountered at high altitudes. However, this seems unlikely, as the mapped electric field at subauroral latitudes would show a similar instrumental bias, which is not the case.
It was also suspected that long-term variations in geomagnetic activity might be the cause of apparent changes in the average electric field as a function of altitude. The highly elliptical orbit of DE 1 had apsidal motion (with perigee moving between the poles and equator) such that the majority of the data at the mid-altitude range were obtained at time periods different from when the data were obtained at 
